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Hazard  Following  Exposure  to 
Impulse  Noise 
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are  a  number  of  different  suggested 
standards  for  exposure  to  impulse/impact 
noise  (Coles  ct  al,  1968;  OSHA,  D^t  of  Labor, 
1974;  Smoorenburg,  1982;  Pffuider  et  al, 
1980).  Although  each  of  these  criteria  has  its 
proponents,  none  of  them  is  in  complete 
2^eement  with  existing  data  (Smoorenburg, 
1987).  What  is  needed  is  a  new  criterion.  Un¬ 
fortunately,  there  is  an  extremely  limited  em¬ 
pirical  database  on  ^diich  a  new  standard  can 
be  built  The  difficulties  associated  with  gener¬ 
ating  such  a  database  are  compounded  by  the 
extremely  broad  range  of  high-intensity  noise 
transients  that  exist  in  various  industrial  and 
military  environments.  For  example,  in  indus¬ 
try,  impacts  with  variable  peak  intensities  and 
a  reverberant  character  often  occur.  At  the 
other  extreme,  the  diverse  military  we^wn 
systems  produce  impulses  that  originate  as  the 
result  of  a  process  of  shock-wave  formation 
and  propagation  following  an  explosive  re¬ 
lease  of  energy.  These  waves,  which  can  have 
peak  levels  in  exces«  of  180  dB,  can  be  either 
reverberant  or  nonrcverberant,  depending  on 
the  environment  in  which  they  arc  encoun¬ 
tered.  Trying  to  develop  a  sin^e  standard  to 
cover  this  broad  range  of  “acoustic”  signals  is 
a  formidable  task. 

Existing  or  proposed  exposure  criteria 
generally  lack  specific  consideration  of  the  fre¬ 
quency  domain  representation  of  t^e  impulse. 
This  point  has  been  raised  frequ'^  nrly  by  Price 
( 1979)  and  others.  However,  some  deference 
is  given  to  the  spectrum  in  these  criteria,  in  an 
indirect  manner,  through  the  handling  of  the 
A  and  B  duration  variables. 


A  more  direct  spectral  approach  to  the 
evaluation  of  impulses  and  impacts  was  pro¬ 
posed  by  Kryter  (1970).  His  suggestion^.,  al 
though  based  on  sound  reasoning,  never 
gained  acceptance.  The  Krytei  iqjproach  was 
attractive  in  its  ability  to  predict  the  amount 
of  temporary  threshold  shift  measured  2  min¬ 
utes  after  exposure  (TTSi)  to  a  noise  tran¬ 
sient.  However,  this  approach  was  limited  to 
situations  in  which  the  TTS2  was  not  exces¬ 
sively  large  or,  alternatively,  the  levels  of  the 
transient  in  any  given  frequency  band  were 
not  excessive. 

Price  ( 1979,  1983.  1936)  has  built  on  and 
extended  the  Kryter  approach  by  considering 
the  spectral  transmission  characteristics  of  the 
peripheral  auditory  system.  Price’s  reasoning 
led  to  the  following  conclusions;  ( 1 )  There  is 
a  species-specific  frequency,  4<  which  the 
cochlea  is  most  vulnerable  and  that  impulses 
whose  spectrum  peaks  at  4  will  be  most  dam¬ 
aging.  This  would  appear  to  be  true,  according 
to  Price,  regardless  of  the  distribution  of  en¬ 
ergy  above  and  below  4-  For  man,  the  sug¬ 
gested  frequency  is  3.0  UHz-,  and  (2)  Relative 
to  the  threshold  for  damage  at  4,  die  thresh¬ 
old  for  damage  should  rise  at  6  dB  per  ocuve 
when  4  is  greater  than  4  and  at  18  dB  per  oc¬ 
uve  when  4  is  less  than  4,  where  4  is  spectral 
peak  of  the  impulse.  Thus,  a  model  for  perma¬ 
nent  damage  was  developed  that  is  amenable 
to  experimental  testing  In  subsequent  studies. 
Price  (1983,  ly86)  has  tried  to  relate,  with 
varying  degrees  of  success,  experimental  dau 
obtained  from  the  cat  to  the  predictions  of 
this  model.  More  recently,  Hamemik  et  al 


□ 

U 


odes 


336 


1 


AN  EXPERIMENTAL  BASIS  FOR  THE  ESTIMATION  OF  AUDITORY  SYSTEfT  HAZARD 


337 


(1990)  and  Patterson  et  al  (1991)  have  re¬ 
ported  oa  an  extensive  series  of  parametric 
s.  udies  in  which  the  spectra  of  the  impulses 
were  taried,  A  re.  iew  of  the  literature  indi¬ 
cates  that,  except  for  the  studies  mentioned 
above,  there  arc  few  other  published  results 
obtained  from  eiqieriments  specifically  de¬ 
signed  to  study  the  effects  of  the  spectrum  of 
an  impulse  on  hearing  trauma. 

This  ch^ter  presents  an  analysis  of  the 
Patterson  et  ^  ( 1991 )  data  from  which  a  ^lec- 
tral  weighting  function  is  derived.  This 
weighting  function  will  then  be  applied  to  the 
blast  wave  dau  of  Hamemik  et  al  ( 1990)  and 
to  the  synthetic  impulses  from  Patterson  et  al 
( 1986)  in  order  to  develop  a  relation  between 
permanent  threshold  shift  (PTS)  and  the 
sound  exposure  level  (SEL).  The  intention 
here  is  not  to  present  a  set  of  conclusive  re¬ 
sults,  but  rather  to  illustrate  a  new  approach 
to  the  analysis  of  this  type  of  experimental 
data.  It  is  an  approach  that  develops  a  direct 
relation  between  frequency-^iecific  measures 
of  PTS  and  the  frequency  domain  representa¬ 
tion  of  the  impulse.  The  results  of  this  ap¬ 
proach  can  be  related  direedy  to  the  Price 
( 1983)  model  and  can  be  used  to  estimate  die 
permanent  effects  of  a  traumatic  impulse  noise 
exposure  in  a  manner  similar  to  that  approach 
proposed  by  Kryter  (1970)  for  estimating 
temporary  threshold  shift  (TTS)  after  an  im¬ 
pulse  noise  exposure. 


TABLE  30-1 

Exposure  Conditions 
for  the  20  Groups  of 

Animals  Used  for 

Series  1  Exposures 

CF  (Hz) 

PEAK  SPL  (dB)  TOTAL  SEL  (dB) 

260 

139 

132.5 

260 

146 

139.8 

775 

134 

124.8 

775 

139 

(29,4 

775 

144 

134.8 

1025 

129 

1(9.8 

1025 

134 

(24.2 

1025 

139 

(29.( 

1025 

144 

(34.6 

1350 

129 

((9.8 

1350 

134 

(24.2 

1350 

(39 

(29.0 

2450 

129 

(20.6 

2450 

134 

(24.9 

2450 

139 

(29.6 

2450 

144 

(3S.0 

3550 

124 

((3.0 

3550 

129 

((9.9 

3550 

134 

(24.2 

3550 

139 

(29.5 

Methods 

The  noise-induced  permanent  threshold 
shift  (NIPTS)  data  presented  in  thiii  report 
were  acquir^  from  479  chinchillas  exposed 
to  high  levels  of  impulse  noise.  Audiometric 
data  on  each  animal  were  obtained  using  ei¬ 
ther  a  shock  avoidance-  procedure  (Patterson 
et  al,  1986)  or  measures  of  the  auditory 
evok^  potential  (Henderson  et  al,  1983).  Per¬ 
manent  threshold  shifts  were  computed  from 
the  mean  of  three  preexposure  audiograms 
and  at  least  three  audiograms  taken  30  days  af¬ 
ter  exposure.  The  behaviorally  trained  animals 
were  tested  at  octave  intervals  from  0.125  kHz 
through  8  kHz  including  the  half-octave  points 
1.4,  2.8,  and  5.7  kHz.  Evoked  potential  thresh¬ 
olds  were  measured  at  ocuve  intervals  from 
0.5  to  16  kHz  and  at  the  1 1.2-kHz  point.  For 
each  animal,  measure.-^  of  compound  threshold 
shift,  FFS,  and  quantitative  histology  (cochleo- 
grams)  were  obtained.  In  the  analysis  that  fol¬ 
lows,  only  PTS  data  will  be  discussed. 

Series  i  Exposures  (N  =  I  i8) 

Animals  were  exposed  at  a  normal  inci¬ 
dence  (i.e.,  the  plane  of  the  external  canal  was 
parallel  to  the  speaker  exit  plane)  to  100  im¬ 
pulses  presented  at  the  rate  of  1  every  3  sec¬ 
onds.  TThis  series  of  exposures  consisted  of  20 
groups  of  animals,  with  five  to  seven  animals 
per  group.  The  stimuli  were  narrow-band  im¬ 
pulses  produced  by  passing  a  digital  impulse 
through  a  four-pole  Learner-type  digital  band¬ 
pass  filter  (Gold  and  Rader,  1969)  Following 
analog  conversion,  the  signal  was  transduced 
through  an  Altex  515  B  speaker  in  a  model 
815  enclosure.  The  filter  bandwidth  was  inde¬ 
pendent  of  center  frequency,  with  steep  atten¬ 
uation  outside  the  passband  permitting  the 
synthesis  of  equal  energy  impulses  at  a  variety 
of  center  frequencies  while  assuring  minimal 
spread  of  energy  to  other  frequencies.  The 
center  frequencies  of  the  six  sets  of  impulses 
varied  from  260  to  3,350  Hz.  The  bandwidth 
of  the  impulses  was  approximately  400  Hz. 
Impulse  peaks  were  varied  from  124  to  146 
dB.  For  each  of  the  exposure  conditions  listed 
in  Table  30-1  the  tot^  SEL  was  computed  as 
follows  (Young,  1970): 

f  p^(t)dt 
SEL  -  10  log,  J  *r-rr- 
Pr  ‘r 

—  30 

where  4=1  second,  p^  =  20  p.Pa  Figure  30- 1 
illustrates  an  example  of  the  pressure-time  his- 
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PAJUMETESS  OF  EXPOStJRE 


20 


Frequency  (Hz) 

Figure  30*1  Examples  of  the  T75-Ha  (A)  and  1,350-Hz  (B)  cemer  frequency  impulses  of  the  Series  I  exposures 
along  with  their  respective  plectra. 


TABLE  30-2  Exposure  Conditions  for  the  Seven  Groups  Used  for 
Series  II  Exposures 


WAVE  TYPE 

PEAK  SPL  (dB) 

TOTAL  SEL  (dB) 

TOTAL  P-SEL  (dB) 

TOTAL  P'-SEL  (dB) 

High  Peak 

l47 

130.8 

127.6 

133.4 

Low  Peak 

139 

130.3 

127.2 

132.9 

High  Peak 

139 

123.0 

119,9 

125.6 

Low  Peak 

131 

I2Z4 

119.3 

125.0 

High  Peak 

135 

119.1 

115.8 

121.6 

Low  Peak 

127 

118.5 

115.3 

121.0 

High  Beak 

131 

II5.I 

II  1.9 

M7.S 

tones  of  the  775-Hz  and  1,350-H2  center  fre¬ 
quency  impulses  along  with  their  respective 
q)ectra. 

Series  II  Exposures  (N  =  42) 

Animals  were  exposed  at  a  normal  inci¬ 
dence  to  100  impulses  presented  at  the  rate  of 


1  every  3  seconds.  There  were  seven  different 
exposure  conditions  (Table  30-2)  to  which 
seven  groups  of  animals  were  exposed.  Each 
group  contained  six  animals.  Two  types  (low 
peak  and  high  peak)  of  relativel>  broad-band 
impulses  with  identically-shaped  amplitude 
spectra  were  synthesized  digitally  (Patterson 
et  al,  1986).  ITie  peak  sound  pressure  level 
(SPL)  of  the  impul^  was  varied  from  127  to 
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147  dB.  Hearing  threshold  data  were  obtained 
using  the  avoidance  conditioning  procedure. 
Figure  30-2  illustrates  the  pressure-time  histo¬ 
ries  of  typical  hi^-  and  low-peak  impulses 
along  wiA  their  common  ^ctrum. 

Series  lii  Exposures 
(N  =  315) 

Animals  were  exposed  at  a  normal  inci¬ 
dence  to  either  1,  10,  or  100  impulses,  pre¬ 
sented  at  the  rate  of  or  1  every  10  seconds  at 
intensities  of  150,  155,  or  160  dB  peak  SPL  All 
of  the  above  combinations  of  number,  repeti¬ 
tion  rate,  and  peak  yielded  21  different  expo¬ 
sure  groups  with  five  animals  per  group.  The 
impulses  were  generated  by  a  compressed-air- 
driven  shock  tube.  This  set  of  21  exposures 
was  repeated  using  waves  generated  by  three 
shock  tubes  of  different  diameters  that  pro¬ 
duced  blast  waves  whose  ^ctrum  peaked  at 
three  different  locations  of  the  audible  spec- 
trtim.  The  pressure-time  traces  and  spectral 
analysis  of  these  waveforms  are  ^own  in  Fig¬ 
ure  30-3-  In  addition,  the  A-weighted  octave 
band  energies  arc  shown  in  Figure  30-4  so 
that  comparisons  could  be  made  for  each 
wave  from  each  source.  Because  of  the  high 
levels  of  very-low-frequency  energy  in  these 
blast  waves,  the  resolution  at  the  high  fre¬ 
quencies  is  poor  if  unweighted  energies  arc 
plotted.  For  further  details  .‘  ee  Hamemik  and 
Hsueh  (1990).  Table  30-3  summarizes  the 
conditions  for  the  Scries  III  exposures.  Only 
the  SELs  for  the  1 00-impulse  conditions  are 
tabulated.  Successive  10-dB  adjustments  need 
to  be  made  to  obtain  the  10-impulse  and  the 
1 -impulse  $EL  values.  All  animals  in  this  series 
were  tested  using  the  auditory  evol  ed  poten- 
ti  'J  procedures. 

Results 

The  results  of  each  series  of  exposures  are 
presented  separately,  and  the  methods  used  to 
aiialyze  the  NIPTS  dau  from  each  scries  are 
explained. 

Series  I  Exposures 

For  each  of  the  20  groups  of  animals  that 
were  exposed  to  the  narrow-band  impulses,  a 
mean  Fn  evaluated  at  1,  2,  and  4  kHz  (m,  2.4) 
was  computed,  and  the  groups  were  com¬ 
pared  on  the  basis  of  SEL  This  dau  set  is 
shown  in  Figure  30-5.  The  group  mean  PTS 


from  each  set  of  the  two  to  tour  groups  of  an¬ 
imals  that  make  up  an  intensity  series  for  a 
specific  characterise  frequency  (CF)  impulse 
behaves  in  an  orderly  manner,  with  mi.2,4  in¬ 
creasing  in  an  approximately  linear  fi^on 
with  increasing  SEL. 

The  relative  susceptibility  to  NIPTS  is 
seen  to  be  a  function  of  the  impulse  center 
frequency,  with  the  lower-frequency  impulses 
producing  relatively  little  NIPTS  even  at  the 
higher  SELs.  A  relative  frequency  weighting 
fiinction  can  be  derived  from  the  dau  pre¬ 
sented  in  Figure  30-5  by  ^lifting  each  fre- 
quency-^cific  dau  set  along  the  SEL  axis  the 
amount  that  is  necessary  to  collapse  the  dau 
into  a  single  PTS/SEL  function  using  one  of  the 
exposures  as  a  “zero”  reference. 

Such  a  dau-shifting  process  was  carried 
out  “by  eye"  to  produce  a  best  fit  using  the 
1,350-Hz  series  of  dau  as  the  reference  point. 
The  amounts  shifted  were  260-Hz  CF  im¬ 
pulses,  -20  dB;  775-Hz  CF  impulses,  -7.2  dB; 
1,025-Hz  CF  impulses,  -4  dB;  1,350-Hz  CF 
impulses,  0  dB;  2,450-Hz  CF  impulses,  -4  dB; 
and  3,550-Hz  CF  impulses,  +4  dB.  The  re¬ 
alignment  of  the  data  that  such  a  shift  pro¬ 
duces  is  shown  in  Figure  30-6,  and  the  weight¬ 
ing  function,  thus  obtained,  is  shown  plotted 
(solid  line  with  symbols)  in  Figure  30-7, 
where  it  is  compared  to  the  conventional 
A-weighting  function  (solid  line).  The  new 
empirical  weighting  function  is  referred  to  as 
**-wcighting  in  the  legends  for  these  figures.  A 
linear  regression  through  the  shifted  dau  set 
showed  a  correlation  coefficient  of  0.89  with  a 
slope  of  2.6  dB  PTS  per  decibel  P-weighted 
SEL  (P-$EL)  and  a  threshold  for  the  onset  of 
^1.2,4  of  1 16  dB  P-SEL  The  empirical  function 
derived  from  the  narrow-band  impulse  dau  is 
seen  to  differ  from  the  A-weighting  function 
by  as  much  as  10  dB  at  the  low  frequencies. 
Also  evident  in  this  figure  is  the  anomalous  be¬ 
havior  of  the  dau  point  produced  by  the  ex¬ 
posures  to  the  2,450-Hz,  CF  impulses. 

Series  II  Exposures 

The  detailed  hisiologic  and  audiometric 
results  of  this  scries  -  f  exposures  have  been 
published  by  Panerson  et  al  (1985,  1986). 
The  Pisi,2,4  dau  from  this  series  of  seven  expo¬ 
sures  is  shown  ploned  as  a  fiinction  of  the  SEL 
and  the  P-SEL  in  Figure  30-8.  The  latter  was 
obtained  by  applying  the  empirical  weighting 
function  (Fig.  30-7)  to  consecutive  ocu\'e 
bands  of  die  spectrum  of  the  Series  I!  expo¬ 
sures.  Also  included  in  this  figure  are  the 
shifted  (or  P-weighted)  data  points  from  the 
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Figure  30>2  Examples  of  the  Series  II  impulses  and  ttieir  coenmon  spectrum.  A,  The  high-peaked  lA7-dB  peak  SPL 
impulse.  B,  The  iow-peaked  I39-d8  impulse.  C  The  spectrum  of  cich  of  the  above,  appcuximaccly  equal-energy, 
impulses. 
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Figitfc  Examples  of  the  160<IB  peak 
SPL  iflqwlses  produced  by  die  tbree  diSer- 
cnt  sbock  tubes  and  didr  respective  spec¬ 
tra.  Tliese  waves  arc  typical  of  ibosc  used 
for  dK  Scries  ni  exposures. 


0  1  1  10 


Frequency  (kHz) 


Series  I  exposures.  It  is  evident  that  the 
P-weighting  function  docs  ikx  have  the  de¬ 
sired  effect  (ff  increasing  the  degree  of  congru¬ 
ence  between  the  Scries  I  and  U  exposures. 
Because  the  Scries  II  exposures  had  substan¬ 
tial  energy  in  the  2-kHz  region  of  the  spec¬ 
trum,  it  was  apparent  that  the  efifect  of  apply¬ 
ing  die  empirical  weighting  function  to  this 
region  of  the  spectrum  would  shift  the  Series 
II  data  points  in  the  wrong  direction.  How¬ 
ever,  if  the  empirical  P-weighting  function  is 


extrapolated  as  shown  by  the  doned  portion 
of  the  function  in  Figure  30-7,  and  then  used 
to  weight  the  Scries  II  impulses,  the  agree¬ 
ment  between  the  Series  I  and  Series  II  dau 
becomes  good,  as  seen  in  Figure  30-9.  A  linear 
regression  analysis  (solid  line)  of  the  entire 
data  set  from  the  Series  I  and  Series  II  expo¬ 
sures  shows  a  correlation  coefficient  of  0.91 .  a 
slope  of  2.5,  and  an  X-iniercepi  of  il6  dB. 
This  modified  weighting  function  is  referred 
to  as  P'-weighting. 


Energy  Fkn(JAif)  /MWeH)hltd  Energy  (JMif)  A-WeigMed  Energy  mix  {JM^ 
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Octeve  Bend  (kHz) 


TABLE  30-3  Expowr*  Conditions  for  th«  Nine  Gremps  Used  (or 
lOO-tmpiiise  Series  III  Exposures* 

SOURCE  KAK$n.(««)  TOTAL  Sa.  («»)  TOTAL  P'-$EL  (dB) 


l 

ISO 

140.3 

129.2 

1 

155 

141.8 

133.6 

1 

160 

146.4 

138.8 

u 

ISO 

131.4 

130.3 

H 

ISS 

t36J 

135,3 

n 

160 

140.6 

138.6 

w 

ISO 

129.0 

130.8 

M 

ISS 

135.0 

136.2 

m 

160 

139.1 

139.9 

■CorropoR^ry  SL  and  P'-$EL  vatuet  for  the  t0-imptib«  and  l-impute  conditiara  can  be  obtained  by  making  the 
appropriatt  tO-dB  edhBoneiHa. 
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figure  30-5  The  90up  meau  ae 

pennanem  ifatesboM  (PTS)  * 
entuated  at  I,  2,  and  4  IcHa 
('”1.1.4)  **  a  liiactioo  at  the  total  jT 

sound  exposure  level  for  the  six  ™ ' 

groups  exposed  to  the  Series  1  |2 

narrow-band  impulses.  CL 


Sound  Exposure  Level  (dB) 
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Figure  30-6  The  permanent 
threshold  shift  at  1,  2,  and  4  kHz 
(m,^4)  as  a  function  of  the 
empiricalty-dcrivcd  P-weighted 
sound  exposure  level  for  all  the 
Scries  1  exposures.  The  regression 
line  has  a  slope  of  2.6  and  an 
X-intercept  of  1 16  dB. 
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Figure  30-7  The  empirical  P-weighting  function  derived  from  the  Series  I  exposures  along  with  the  conventional 
A-weighting  function  and  the  P' 'weighting  function  inferred  from  the  Scries  11  and  ill  experiments. 


80- 


60  H 


40  H 


20- 


■  High  P««k  . 

A  LowPMk  / 

4  High  Paak  . 

K  LowPMk  / 

•  Sorws  I,  P'Walghtad 


SariMli.P-Waighttd 
Soria*  il,  Unwaightad  • 


•  K 


♦  • 


A  a 


-20- 


110 


120 


130 


140 


Figure  30-8  The  permanent 
threshold  shift  at  1,  2,  and  4  kHz 
(fSi,!,*)  fifom  the  Series  II 
exposures  shown  as  s  function  of 
unweighted  and  P-weighted  sound 
expoptre  lei  el  compared  to  the 
Fn,,2.4  versus  P-wei^ted  sound 
exposure  level  of  the  Scries  I 
exposures. 


Sound  Exposure  Level  (dB) 


Series  III  Exposures 

One  problem'  that  seems  to  characterize 
the  measurement  of  PTS  following  exposure 
to  these  high  peak  levels  of  impulse  noise  is 
extreme  iiitersubject  variability.  A  number  of 
authors  have  commented  on  this  problem  in 
the  past,  including  Kryter  and  Garinther 
(1965)  and  Henderson  and  Hamemik  ( 1982). 
Price  (1983,  1986)  also  reported  large  inter¬ 
subject  variability  when  measuring  threshold 
shito  in  cats  that  had  been  exposed  to  blast 


waves  that  were  similar  to  some  of  the  im¬ 
pulses  in  the  Series  III  exposures.  Another 
problem  is  the  excessive  time  necessary  to 
run  an  experimental  animal  through  a  com¬ 
plete  experimental  paradigm  of  audiometric 
and  histologic  protocols,  thereby  effectively 
Umicing  the  number  of  animals  in  each  exper¬ 
imental  group  and  hence  the  statistical  power. 
On  the  ^asis  of  a  preliminary  analysis  of  the 
PTS  data  (using  analysis  of  variance),  it  was 
apparent  that  the  efilKts  on  PTS  of  the  difier- 
ent  impact  presentation  rates  were,  at  best. 
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Figisfc  30-9  Penmnent  tfareahold 
ihift  a  1,  2,  and  4  Idlz 
obtained  from  tt^  Series  I  and 
Series  B  eaposores  as  a  functioa  of 
P-  and  P'-wei^tcd  sound  exposure 
levels,  rc^)ectivety.  nie  linear 
Kgressioa  line  was  computed  using 
all  the  points  shown  plotted  in  this 
figure.  X-i^tercept  =116  dB;  slope 
=  Z5. 


marginal  statistical  efifects.  Thus,  a  decision 
was  made  to  evaluate  all  the  PTS  data  without 
regard  for  presenution  rate.  Also,  because  re¬ 
lations  between  PTS  and  the  increasing  energy 
of  the  stimulus  were  being  sought,  presenta¬ 
tion  rate  did  not  afiect  the  independent  vari¬ 
able.  This  efiectively  increased  the  number  of 
animals  at  each  SEL  to  IS  except  for  the  1-im¬ 
pulse  exposure  conditions.  Total  sound  expo¬ 
sure  dr  exposure  level  is  increased  by  increas¬ 
ing  the  p^  SPL  or  the  number  of  impulse 
presenutions. 

For  each  audiomrtric  test  frequency,  the 
individual  PT^  at  that  frequency  was 

plotted  a<i  a  fo.xtion  of  the  total  unweighted 
SEL  in  th'?  ocf  vr  band  centered  on  that  test 
frequi  n  •  ^  Two  examples  of  this  analysis  at  2 
i  J~i2  And  4  kHz  for  Cuurce  11  are  shown  in  Fig- 

30-10.  For  impact  Sources  I,  11,  and  III, 
105  individual  data  points  for  each  source  at 
each  audiometric  test  frequency  were  plotted 
over  a  range  of  SELs  of  approximately  30  dB. 
The  actual  number  of  ^ta  points  in  each 
panel  of  Figure  30-10  is  less  than  105,  because 
a  number  ^  animals  had  the  same  dau  coordi¬ 
nate.  Using  dau  sets  such  as  those  shown  in 
Figure  30-10,  the  90th  percentile  hearing  loss 
^PTS9o)  was  computed  for  each  SEL  at  each  oc- 
uve  fr^uency  from  0.5  to  16  kHz.  The  PTS90  at 
any  frequency  was  computed  as  follows: 

PTS90  X  -F  St  10 


Figure  30-10  Two  examples  that  illustrate  the  individ¬ 
ual  animal  pcmianent  threshold  shift  (Fn)  values  at  2 
and  4  kHz  following  the  Series  Ill  exposures  to  Source 
II.  The  solid  symbols  represent  the  90th  percentile  val¬ 
ues  of  the  PTS  at  the  various  exposure  energies. 


where  x  is  the  group  mean  PTS;  t  ,o  is  the 
value  of  t  below  which  90  percent  of  the  PTS 
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PTS  @  1,2,4  kHz  (dB)  Mean  90-percentlla  Pl^  €>  1,2,4  kHz  (dB) 
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Flgufc  30>11  The  mean  of  the 
90th  percentile  permanent 
threshold  shift  (PTS)  measured  at 
1,  2,  and  4  kHz  for  all  of  the 
groups  eoqiosed  to  die  Series  III 
impulses  as  a  function  of  the 
P''Weighted  sound  exposure 
level.  A  linear  regression  analysis 
(solid  line)  yields  a  slope  of 
^roximately  2.0  and  an 
X-intercept  ctf  1 13  dB. 


Figure  30*12  The  mean 
permanent  threshold  shift  (PTS) 
produced  by  exposures  to  the 
Series  1, 11.  and  111  impulses  as  * 
function  of  the  P’-vveighted  sound 
exposure  level.  The  equation  for 
the  linear  regression  line  (solid 
line)  is  also  given 


dau  lies;  s  is  the  group  standard  deviation. 
This  procedure  yields  nine  percentile  points 
for  each  test  frequency,  shown  by  the  filled 
symbols  in  Figure  30'10,  i.e.,  three  peak  levels 
for  each  of  three  numbers  of  impacts.  This  ex¬ 
ercise  was  repeated  for  each  of  the  six  octave 
test  frequencies  and  for  each  of  the  three 
sources. 

From  this  set  of  frequency-qiecific  90th 


percentile  points,  a  90th  percentile  m,,2,4  was 
computed  for  each  exposure  group  and  plot¬ 
ted  as  a  function  of  the  P'-weighted  SELs  (P'- 
SELs).  These  results  are  shown  in  Figure 
30-11.  The  P'  weighting  has  the  effect  of  col¬ 
lapsing  all  the  shock  tube  dau  into  a  reason¬ 
ably  cohesive  pattern  for  which  a  linear  re¬ 
gression  produces  a  relation  between  ni|,2.4 
znd  P'-SEL  whose  correlation  coefficient  is 
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0.91.  A  threshoid  for  the  onset  of  ^^1,2,4  of  1 13 
dB  SEL  and  a  slope  of  approximately  2  dB 
^t.2.4  for  each  decibel  of  P'-SEL  describes  the 
equation  of  this  regression  line. 

Figure  30'12  shows  the  entire  dam  set 
from  the  Series  1,  II,  and  II!  exposures  plotted 
as  a  function  of  the  P'-SEL.  As  a  first  approxi¬ 
mation  the  P'-weighting  function  has  the  de¬ 
sired  efifret  of  unifying  the  PTS/SEL  relation 
following  a  diverse  series  of  impulse  noise  ex¬ 
posures.  The  correlation  coefficient  between 
the  PTS  and  weighted  SEL  variables  is  approx¬ 
imately  0.9. 

Conclusion 

We  have  presented  a  preliminary  analysis 
of  a  large  experimental  database  obtained 
from  475  chinchillas  that  were  exposed  to  a 
variery  of  impulse/blast  wave  noise  transients 
This  analysis,  although  encouraging  in  its  abil¬ 
ity  to  unify  the  PTS  data,  is  considered  prelim¬ 
inary  because  only  a  portion  of  the  data  that 
will  eventually  be  at^ablc  have  been  ana¬ 
lyzed.  In  addition  to  the  results  presented,  the 
following  data  sets  will  ultimately  be  entered 
into  the  database  for  a  final  analysis:  ( 1 )  non- 
reverberant,  high-frequency,  Series  III- type 
impulses  (N  »  105);  (2)  a  more  detailed  ex¬ 
ploration  of  the  1-  to  8-Wz  region  of  the  em¬ 
pirical  weighting  function  using  the  Series  I 
narrow-band  impulses  (N  =  50);  (3)  highly- 
reverberant  Senes  III— type  impulses  (N  = 
300);  and  (4)  all  sensory  cell  loss  data  from 
the  above  exposures. 

The  surprising  order  that  is  imposed  on 
the  PTS  data  by  the  P'-weighting  function  is 
encouraging  and  tends  to  lend  some  validity 
tv)  the  methods  used  in  the  analysis,  i.e.,  the 
organization  of  group  mean  data  averaged 
ovei  ^vcral  frequencies  and,  in  the  Scries  III 
exposures,  the  use  of  a  90th  percentile  PTS. 
The  analysis  presented  would  indicate  that  de¬ 
spite  the  problems  and  inconsistencies  in 
some  of  the  data  obtained  from  high-level  im¬ 
pulse  noise  that  have  been  described  in  the  lit¬ 
erature,  the  use  of  large  samples  and  the  sys¬ 
tematic  variation  of  exposure  conditions  can 
yield  a  database  that  reflects  some  underlying 
order  and  can  be  useful  in  developing  expo¬ 
sure  criteria.  These  data  have  shown  that  us¬ 
ing  electroacoustic  methods  and  narrow-band 
impulses,  a  weighting  function  appropriate  for 
hi^-level  blast  waves  can  be  established.  This 
weighting  function  also  may  be  appropriate 
for  use  in  the  evaluation  of  industrial  impact 
noise  data. 


The  empirical  P'-weighting  function  pre¬ 
sented  in  Figure  30-7  has  a  tow-frcqucncy  seg¬ 
ment  (i.e.,  below  1.5  kHz)  with  a  slope  of  ap¬ 
proximately  10  dB  per  octave,  which  is 
greater  than  the  low-frequency  slope  of  either 
the  A-weighting  function  or  the  “relative  sus¬ 
ceptibility”  curve  presented  by  Price  (1983). 
This  indicates  a  much  smaller  hazard  from  tte 
lower-frequency  components  of  the  impulse 
noise  spectrum  than  previously  believed. 
Above  1.5  kHz  the  A-weighting  function  Is  rel¬ 
atively  flat,  whereas  the  Price  siisceptibility 
curve  rises  monotonically  at  about  18  dB  per 
octave  above  3  kHz.  The  P'-weighting  curve 
provides  no  evidence  relevant  to  this  part  of 
the  spectrum.  The  unusual  feamre  of  the  em- 
piricsil  P'-weighting  function  is  the  2,450-Hz 
point.  When  the  weighting  indicated  by  this 
point  is  applied  to  the  2-kHz  octave  band  en¬ 
ergy  of  the  impulse  of  the  Series  II  or  Series  III 
data,  the  effect  is  to  decrease  the  correlation 
coefficient  between  the  ?rei,2.4  and  the  P-SEL. 
(The  actual  weighting  used  at  the  2-kHz  oc¬ 
tave  band  is  the  value  obtained  by  linear  inter¬ 
polation  between  the  1,350-Hz  and  2,450-Hz 
data  points.)  Although  the  2,450-Hz  point  ap¬ 
pears  to  be  inconsistent  with  the  rest  of  the 
P'-weighting  function,  it  should  be  noted  that 
this  point  is  the  result  of  a  consistent  set  of 
dau  that  was  obtained  from  four  different  ex¬ 
posure  groups  (N  =  24).  If,  however,  the  P'- 
wcighling  frinction  is  used — i.e.,  an  attenua¬ 
tion  factor  of  -5  dB  is  applied  to  the  2-kHz 
octave  band  energy  of  the  Series  II  and  Scries 
HI  impulses — the  correlation  coefficient  be¬ 
tween  mi, 2, 4  and  the  weighted  exposure  level 
increases  to  more  than  0.9  (sec  Figures  30-9 
and  30- 11).  This  result  seems  to  indicate  that 
the  appropriate  weighting  function  to  be  ap¬ 
plied  to  an  impulse  spectrum  is  not  a  simple 
monotonic  function,  as  implied  by  A-wei^t- 
ing  or  the  Price  susceptibility  curve,  but 
rather  a  more  complex  frinction  (at  least  in 
the  chinchilla)  at  frequencies  above  approxi¬ 
mately  I  kHz.  The  data  of  von  Bismarck 
(1967)  on  the  external  ear  transfer  function 
and  the  multifrequency  impedance  data  of 
Henderson  (personal  communication),  along 
with  the  intracochlear  pres-sure  measurements 
of  Patterson  ct  al  ( 1988),  would  indicate  that 
such  nonmonotonic  behavior  is  to  be  ex¬ 
pected. 

In  conclusion,  if  a  suitable  weighting  frinc¬ 
tion  can  be  established  empirically  it  could 
then  be  applied  to  the  spectrum  of  an  impulse 
to  develop  an  energy-based  approach  to  the 
establishment  of  criteria  for  exposure  to  a 
wide  variety  of  noise  transients. 
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Bases  Exp4rinnentales 
Relatives  k  I'Estimation 
des  Bisques  de 
I’Exposition  aux  Bruits 
Impuisionnels 

L'atulyse  des  r^ultats  de  deux  series  ex- 
p^rimentales  portant  sur  I’exposition  i  deux 
types  de  bruits  impuisionnels  tr^  diff^rents 
est  pr^ntee.  Les  t^eurs  sont  basees  sur  des 
r^ultats  obtenus  sur  plus  de  deux  cents  ani- 
maux  de  laboratoire  (chinchillas)  chez 
lesqucls  Ics  pertes  auditives  (PTS)  et  les 
pertes  de  cellules  sensorielles  (SCL)  ont  etc 
mesur^.  Les  premieres  series  d’exposicions 
hirent  r^isees  en  utilisant  des  impulsions  re- 
alistes  caracteristiques  des  tirs  de  trois  armes 
differentes  (type  Friedlander).  Ces  impulsions 
sont  produites  en  utilisant  trois  sources  differ¬ 
entes  actionnees  a  I’air  comprime  (tubes  a 
choc).  Elies  comportent  une  distribution  spec- 
trale  d’energie  de  large  bande  avec  des  pics  de 
bandes  d’octave  ponders  A  situ^  a  0,25;  1,0; 
et  2,0  kHz.  Les  niveaux  de  Crete  vont  de  1 50  a 
160  dB  SPL  Les  secondes  series  d'impulsions 
etaient  synthetisees  par  ordinateur  a  partir  de 
bandes  etroites  («  250  Hz)  reproduites  par 
un  haut-parleur  de  forte  puissance.  Ces  impul¬ 
sions,  dont  le  niveau  cr^te  variait  de  124  a 
146  dB  SPL  avaient  des  frequences  centrales 
de  six  valeurs  differentes  situees  entre  0,15  et 
3,50  kHz.  A  partir  de  chacun  des  deux 
groupes  de  r^uluts,  un  niveau  Inionnel  con¬ 
stant,  defini  en  termes  de  PTS  et  de  SCL  frit 
mis  en  relation  avec  le  spectre  d’energie  et  les 
niveaux  d'exposition  globaux  de  chaque  expo¬ 
sition.  Les  differences  et  les  similitudes  trou- 
vees  parmi  I'ensemble  des  relations  de  ce  type 
ubtcnues  avec  Pune  et  I’autre  sources 
d'impulsions  ainsi  que  la  vaieur  predictive  de 
ces  relations  sont  discutees. 

ACKNOWLEDGMENTS 

The  support  of  the  U.S.  Army  Medical  Re¬ 
search  and  Development  Command  through 
contracts  DAMD-17-86-C-6172  and  DAMD-I7- 
86-C-6139  is  gratefully  acknowledged.  We 
would  like  to  thank  C.E.  Hargett,  Jr.  and  Dr. 
WA.  Ahroon  for  their  assistance  with  the  audi¬ 
ometric  protocol;  G.  Turrentine  for  his  pa¬ 
tience  and  skill  in  preparing  the  figures;  and 
Renee  Johnston  and  Sandy  Nease  for  preparing 
the  manuscript. 


References 

Coles  RRA,  Garinther  GR,  Rice  CG,  Hodge  DC.  Hazard¬ 
ous  exposure  to  impulse  noise.  J  Acoust  Soc  Am 
1968;  43:336-343. 

Gold  B,  Rader  CM.  Digital  processing  of  signals.  New 
York:  McGraw-Hill,  1969. 

Hamemik  RP,  Ahroon  WA,  Hsueh  KD.  The  energy 
spectrum  of  an  impulse:  Its  relation  to  hearing  loss. 
J  Acoust  Soc  Am  1991;  90  (In  press). 

Hamemik  RP,  Hsueh  KD.  Impulse  noise:  Some  deiini- 
tions,  physical  acoustics  and  other  considerations.  J 
Acoust  Soc  Am  1991;  90  (In  press). 

Henderson  D,  Hamemik  RP.  Asymptotic  threshold  shift 
from  impulse  noise.  In:  Hamemik  RP,  Henderson  D, 
Salvi  Rj,  eds.  New  perspectives  on  noise-induced 
hearing  loss.  New  York:  Raven  Press,  1982:265. 

Henderson  D,  Hamemik  RP,  Salvi  RJ,  Ahroon  WA.  Com¬ 
parison  of  auditory-evoked  potentials  and  behav¬ 
ioral  thresholds  in  the  nomul  and  noise-exposed 
chinchilla.  Audiology  1983;  22:172-180. 

Kryter  KD.  Garinther  GR.  Auditory  effects  of  acoustic 
impulses  from  fircamis.  Acu  Otolaryngol  Supp! 
1965;  211. 

Kryter  KD.  The  effects  of  noise  on  man.  New  York:  Ac¬ 
ademic  Press,  1970. 

OSHA,  Dept  of  Labor.  Occupational  noise  exposure. 
Propos^  requirements  an-1  procedures.  Federal 
Register  1974;  39(207);  155- 159. 

Patterson  JH  Jr.  Lomba-Gautier  IM.  Curd  DE.,  Hamemik 
RP.  The  effect  of  impulse  intensity  and  the  number 
of  impulses  on  hearing  and  cochiear  pathology  in 
the  chinchilla.  USAARL  Repon  No  85-3,  1985. 

Patterson  JH  Jr.  Lomba-Gautier  IM.  Curd  DL.  Hamemik 
RP.  The  role  of  peak  pressure  in  determining  the 
auditory  hazard  of  impulse  noise.  USAARL  Repon 
No  86-7,  1986. 

Patterson  JH  Jr,  Hamemik  RP.  Hargett  CE.  ct  al.  The 
hazard  of  exposure  to  impulse  noise  as  a  function  of 
frequency.  USAARL  Report  1991  (In  press). 

Pfandcr  F,  Bongartz  H,  Brinkmann  H,  Kietz  H.  Danger 
of  auditory  impairment  from  impulse  noise:  A  com¬ 
parative  study  of  the  CHABA  damage-risk  criteria 
and  those  of  the  Federal  Republic  of  Germany.  J 
Acoust  Soc  Am  1980;  67:628-633. 

Price  GR.  Loss  of  auditory  settsitivity  following  expo¬ 
sure  to  spectrally  narrow  impulses,  j  Acoust  Soc  Am 
1979;  66:456-465. 

Price  GR  Relative  hazard  of  weapons  impulse.*.  J 
Acoust  Soc  Am  1983:  "'3:556-566. 

Price  GR  Hazard  from  intense  low-ffcquency  acoustic 
impulses.  J  Acoust  Soc  Am  1986;  80:1076-1086. 

Smoorenburg  GF.  Damage  risk  criteria  for  impulse 
noise.  In:  Hamemik  RP,  Henderson  D.  Salvi  R),  cds. 
New  perspectives  on  noisc-induced  hearing  loss. 
New  York:  Raven  (Yess,  1982:471. 

Smoorenburg  GF.  Effects  of  Impulse  Noise.  NATO  Doc¬ 
ument  AC/243  (Panel  8/RSG.6)  D/9.  1987. 

von  Bismarck  GV.  The  sound  prcssui-*  transformation 
function  from  frce-ficld  to  the  earCum  of  chin¬ 
chilla.  MS  thesis.  Massachusetts  Institute  of  Tech¬ 
nology,  Cambridge.  MA,  1967. 

Young  RW.  On  the  energy  transported  with  a  sound 
pulse.)  Acoust  Soc  Am  1970;  47:441-442. 


Copyright  ®  1992  by  Mosby-Yaar  Book,  Inc. 

A  B.C.  Decker  imprint  of  Mosby~Year  Book,  Inc. 


13 


Initial  distribution 


Commander,  U.S.  Army  Natick  Research, 
Development  and  Evaluation  Center 
ATTN:  STRNC-MIL  (Documents 
Librarian) 

Natick,  MA  01760-5040 

Naval  Submarine  Medical 
Research  Laboratory 
Medical  Library,  Naval  Sub  Base 
Box  900 

Groton,  CT  06340 

Commander/Direcior 
U.S.  Army  Ctombat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703-5304 

Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  New  York  09180 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer,  Naval  Medical 
Research  and  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20814-5044 

Deputy  Director,  Defense  Research 
and  Engineering 
ATTN:  Military  Assistant 
for  Medical  and  Life  Sciences 
Washington,  DC  20301-3080 

Coimnander,  U.S.  Army  Research 
Institute  of  Enviroiunental  Medicine 
Natick,  MA  01760 


U.S-  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 

U.S.  Army  Communications-Electronics 
Command 

ATTN:  AMSEL-RD-ESA-D 
Fort  Monmouth,  NJ  07703 

Library 

Naval  Submarine  Medical  Research  Lab 
Box  900,  Naval  Sub  Base 
Groton,  CT  06349-5900 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  602-B  (Mr.  Brindle) 
Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Pat  terson 
Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Commander,  U.S.  Army  Institute 
of  Dental  Research 
ATTN:  Jean  A.  Setterstrom,  Ph.  D. 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 


14 


Naval  Air  Systems  Command 
Technical  Air  Library  95CD 
Room  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Director,  U.S.  Army  Human 
Engineering  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD  21005 


Commander,  U.S.  Army  Test 
and  Evaluation  Command 
ATTN:  AMSTE-AD-H 
Aberdeen  Proving  Ground,  MD  21005 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander,  U.S.  Army  Medical 
Research  and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick,  MD  21702-5012 


Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 

HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 

Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Anaij^is  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  Library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 


U.S.  Army  Environmental 
Hygiene  Agency 
Building  E2100 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 


Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
SGRD-UIZ-C 

Fort  Detrick,  Frederick,  MD  21702 


Director,  Biolop’cal 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 


15 


Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN;  ATBO-M 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 

USARTL-AVSCOM 

NASA  Langley  Research  Center 

Mail  Stop  266 

Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base  FL  33608 

Air  University  Library 
(AUL/LSE) 

Maxwell  Air  Fore  Base,  AL  36112 

U.S.  Air  Force  Institute 
of  Technology  (AFTT/LDEE) 
Building  640,  Area  B 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Henry  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Illinois-Willard  Airport 
Savoy,  IL  61874 

Chief,  Nation  Guard  Bureau 
ATTN:  NGB-ARS  (COL  Urbauer) 
Room  410,  Park  Center  4 
4501  Ford  Avenue 
Alexandria,  VA  22302-1451 


Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  GUlette) 
4300  Goodfellow  Blvd.,  Building  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  AMCPM-ALSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120-1798 


16 


Commander 
U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Commanding  OfGcer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 

Assistant  Commandant 
U.S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  SiU,  OK  73503-0312 

Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

HQ  USAF/SGPT 

Bolling  Air  Force  Base,  DC  20332-6188 

U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5530 
Dugway,  UT  84(E2 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510  TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 


Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 


Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library  Technical 
Reports  Section  (TSKD) 

Brooks  Air  Force  Base,  TX  78235-5301 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 
U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Lib)  Stop  217 
Er’wards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 

Commander,  Lettennan  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco,  CA  94129 


17 


Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Aviation  Center 
Directorate  of  Combat  Developments 
Building  507 
Fort  Rucker,  AL  36362 

U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERI-IR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Conunander  U.S.  .\rmy  Medical  Research 
and  Development  Command 
ATTN;  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick,  MD  21702 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Ajmy  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHELAJSAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 

Commander  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CG 
Fort  Rucker,  AL  36362 

Commander/President 
TEXCOM  Aviation  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

MAJ  Terry  Newman 
Canadian  Army  Liaison  Office 
Building  602 
Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

LTC  Patrice  Cottebrune 
French  Army  Liaison  Office 
USAAWC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Famborough  Hampshire  GU14  65Z  UK 


18 


Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 
Fort  Detrick,  Frederick,  MD  21702 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandra,  VA  22313 

Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 
ATTN:  Ubrary,  Budding  401 
Fort  Eustis,  VA  23604 

U.S.  Air  Force  Armament 
Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN:  AMSMI-RD-CS-R 
/ILL  Documents 
Redstone  Arsenal,  AL  35898 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 


Col.  Otto  Schramm  Filho 
c/o  Brazilian  Army  Commission 
Office-CEBW 

4632  Wisconsin  Avenue  NW 
Washington,  DC  20016 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 

COL  Eugene  S.  Channing,  O.D. 
Brooke  Army  Medical  Center 
ATTN:  HSHE-EAH-O 
Fort  Sam  Houston,  TX  78234-6200 

LTC  Gaylord  Lindsey  (5) 
USAMRDC  Liaison  at  Academy 
cf  Health  Sciences 
ATTN;  HSRA-ZAC-F 
Fort  Sam  Houston,  TX  78234 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Brtgg,  NC  28305 

Dr.  A,  Komfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

NVEOD 

AMSEL-RD-ASID 
(Attn:  Trang  Bui) 

Fort  Belvior,  VA  22060 


19 


